DISPOSABLE DIAPER 



Field of the Invention 
The present invention relates to a disposable diaper. 

Background of the Invention 

Disposable diapers of flat type cx>mposed of a liquid permeable topsheet, a 
liquid impermeable backsheet, and a liquid retentive absorbent member interposed 
between the two sheets are widely used. The disposable diapers of this type have a 
front portion that is to be applied to the stomach of a wearer and a rear portion that is to 
be applied to the wearer's back. 

Among the known flat type disposable diapers are those designed for enabling 
an adult wearer to put on while in a standing posture, which have waistband portions 
oppositely disposed on the sides of the rear portion (see JP-A-5- 184623 and JP-A-9- 
290002). At least one of the waistband portions has a band fastening member near the 
free end thereof, and the front portion has a front fastening member on both sides 
thereof A wearer or one placing the diaper first fastens the opposite band portions 
together on the wearer's stomach side with the band fastening member and then fastens 
the front portion to the waistband portions with the front fastening members. 



The conventional diaper design using the waistband portions makes it possible 
for a wearer or one placing the diaper to put the diaper on while the wearer is standing. 
However, when a wearer puts on a diaper by himself or herself, the conventional 
disposable diaper is not so easy to put on. In particular, it is not easy for a wearer to 
bring the front portion to the wearer's front after fastening the waistband portions 
together. In order to improve ease of putting on, the portion to be located at the 
wearer's crotch (crotch portion) could be narrowed, but it is difficult to narrow the 
crotch portion without inviting reduction in absorbing capability and leakproofiiess that 
are essentially required of diapers. 



If narrowing the crotch portion is adopted to a so-called fitted disposable diaper 
having a pair of standing gathers (or cuffs) and a pair of leg gathers oppositely disposed 
on the longer sides of the diaper, the distance between the opposite standing gathers 
must be reduced, which results in insufficient absorbing performance. If the crotch 
portion is narrowed without reducing the distance between the standing gathers, there 
would no pocket left between the standing gathers and the respective leg gathers, and 
body waste leakage can occur easily. 

Summary of the Invention 

The disposable diaper of the present invention is a flat type diaper having a rear 
portion that is to be applied to the back of a wearer, a front portion that is to be applied 
to the stomach of the wearer, and a crotch portion located between the rear and front 
portions. The rear portion has a waistband portion oppositely extending from each 
side thereof. At least one of the waistband portions has a band fastening member near 
the free end thereof, with which the opposite waistbands are fastened together on the 
front side of a wearer. 

The disposable diaper according to a first aspect of the invention has a pair of 
standing gathers formed on the longer sides of the diaper and contmns a region having a 
lateral (in the diaper width direction) bending stifihess of 25 cN/50 mm or lower in a 
region having the absorbent member in the thickness direction in the crotch portion. 



The standing gathers are~forme(l"'By~fixing at an extension ratib~(KereinSft"er 
defined) of 100% or higher. The extension ratio in fixing the standing gathers will 
hereinafter be sometimes referred to as a fixing extension ratio. The tensile 
characteristics of the standing gathers on each side measured in their state not fixed to 
the diaper are such that the tensile load required to extend to an eflFective extension ratio 
that is 30% lower than the fixing extension ratio is 20 to 120 cN and that the increase 
rate of tensile load required for extending from an extension ratio of 20% up to the 
effective extension ratio is 1.0 cN/% or lower. 

The disposable diaper according to a second aspect of the invention is also a 
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flat type and waistband type diaper. This disposable diaper has a pair of standing 
gathers and a pair of leg gathers oppositely formed by fixing respective elastic members 
on the longer sides thereof The smallest width of the crotch portion is 100 to 240 mm. 
The ratio of the distance Wl between the opposite fixed ends of the pair of standing 
gathers to the distance W2 between the opposite elastic members that are arranged most 
outwardly in the leg gathers, Wl AV2, both measured at the smallest width of the crotch 
portion is 0.67 to 0.81. The distance W3 between the fixed end of the standing gathers 
on each side of the diaper and the elastic member that is arranged most outwardly in the 
leg gathers on the same side of the diaper as measured at the smallest width of the 
crotch portion is smaller than the width W4 of the standing gathers on each side as 
measured at the smallest width of the crotch portion. 

In the diaper according to the second aspect of the invention, the standing 
gathers are fixed at an extension ratio of 100% or higher, and the tensile characteristics 
of the standing gathers on each side measured in their state not fixed to the diaper are 
such that the tensile load required to extend to an effective extension ratio that is 30% 
lower than the fixing extension ratio is 20 to 120 cN and that the increase rate of tensile 
load required for extending fi-om an extension ratio of 20% up to the effective extension 
ratio is 1 .0 cN/% or lower. 

Brief Description of the Drawings 

The present invention will be more particularly described with reference to the 
^ccompanyiiiglinwiripriirwMch: 

Fig. 1 is a plan view of a disposable diaper according to an embodiment of the 
present invention (including the first and second aspects), with every elastic member 
stretched flat. 

Fig. 2 is a schematic cross-sectional view of the disposable diaper of Fig. 1, 
taken along line X-X of Fig. 1 where the crotch portion is narrowest. 

Fig. 3 is a schematic plan view of an embodiment of the present invention 
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showing stifihess design of the region where an absorbent member lies in the crotch 
portion. 

Fig. 4 shows the disposable diaper of Fig. 1 being put on a wearer in the state 
after the waistband portions have been fastened together on the front side of the wearer. 

Fig. 5 shows the disposable diaper of Fig. 1 having been put on a wearer. 

Figs. 6 (a) through 6(d) show other stiffness designs applicable to a disposable 
diaper according to embodiments of the present invention. 

Fig. 7 is a graph showing the relationship between extension ratio and tensile 
stress (load) in standing gathers of a disposable diaper in their non-fixed state. 

Detailed Description of the Invention 

The present invention relates to a flat type disposable diaper having waistband 
portions on each side thereof which, when the diaper is put on a wearer, are fastened 
together on the wearer's front or back side. The disposable diaper of the present 
invention is easy to put on a wearer either in a lying or a standing posture and excellent 
in absorbing performance and leakproofiiess. 

The^resent"invOTtion"w^^ 
embodiments with reference to the accompanying drawings. 

Figs. 1 and 2 show an embodiment of the disposable diapers according to the 
first and second aspects of the invention. The disposable diaper 1 of this embodiment 
is a waistband type that can be put on a standing wearer. As shown in Figs. 1 and 2, 
the disposable diaper 1 is substantially longer than wide and has a liquid permeable 
topsheet 2, a liquid impermeable backsheet 3, and a liquid retentive absorbent member 4 
disposed between the sheets 2 and 3. The disposable diaper 1 is sectioned into a rear 
portion A that is to be applied to the back of a wearer, a front portion B that is to be 
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applied to the stomach of the wearer, and a crotch portion C located between the rear 
portion A and the front portion B. The crotch portion C is to be applied to the crotch 
of a wearer and corresponds to the middle section when the length of the diaper is 
divided into substantially equal thirds. 

The absorbent member 4 is fixedly disposed between the topsheet 2 and the 
backsheet 3. A waist elastic member 51 for ensuring a snug fit to a wearer is provided 
on the waist portion 5 which is located outside the longitudinal ends of the absorbent 
member 4. 

The rear portion A has lateral sides 9, and a waistband portion 10 is connected 
to each of the sides 9. At least one of the waistband portions 10 has a band fastening 
member 11 near its free end 13 so that the opposite waistband portions 10 (10a and 10b 
as shown in Fig. 4) may be fastened together on the wearer's front as illustrated in Figs. 
4 and 5. 

A pair of front portion fastening members 20 are provided on the lateral sides 
of the topsheet 2 in the front portion B, whereby the front portion B can be joined to the 
waistband portions 10 fastened together as illustrated in Fig. 4. The width of each 
waistband portion 10 gradually decreases from the fixed end 12 toward the free end 13. 
Each waistband portion 10 includes an elastically stretchable part 14 in at least the side 
of the fixed end 12. The elastically stretchable part 14 is formed of a laminate sheet 
composed of an elastic sheet made of an elastomeric 



material and an extensible fiber aggregate integrally overlaid on one or both sides of the 
elastic sheet such that the extensible fiber aggregate may extend in the diaper width 
direction. The whole length of the waistband portion may be formed of such an 
elastically stretchable laminate sheet. The above-described structure can be seen in 
conventional disposable diapers, and each of the members constituting the structure can 
be made of known materials with no particular restriction. 

The band fastening member 1 1 and the front portion fastening members 20 are 
preferably formed of a male member of a mechanical fastener having a large number of 
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anchor-shaped or J-shaped hooks on the surface thereof. Commercially available male 
members of mechanical fasteners can be used, including Magic Tape® (from Kuraray 
Co,, Ltd.), Quicklon® (from YKK Co., Ltd.), and Magicloth® (from Kanebo BELL- 
TOUCH, Ltd.). At least the backsheet side of the waistband portions 10 is made of 
nonwoven fabric so that the male member of the mechanical fastener may be directly 
engaged thereon. 

The disposable diaper 1 has a pair of standing gathers 6 and a pair of leg 
gathers 7 oppositely formed on both longer sides of the diaper by disposing the 
respective elastic members. Specifically, as shown in Fig. 2, the standing gathers 6 are 
formed of respective gather-forming sheets 62 having respective elastic members 61, 
the gather-forming sheet 62 being disposed to cover both longer side areas of the 
topsheet 2. Each sheet 62 is linearly fixed at one longer side thereof to the topsheet 2 
along the diaper length direction by known bonding means such as heat seal or an 
adhesive. The linear joint of the sheet 62 with the topsheet 2 forms a fixed end 64 of 
the standing gathers 6. The part of the sheet 62 extending outward from the fixed end 
64 is fixed to the topsheet 2 or the backsheet 3. In the areas near the two longitudinal 
ends of the diaper 1, the part of the sheet 62 extending inward from the fixed end 64 is 
bonded to the topsheet 2. The elastic member 61 used to form the standing gathers 6 is 
an elastic thread, which is arranged substantially in parallel with the free end 63 of the 
standing gathers 6. 

The pair of leg gathers 7 are formed by disposing a plurality of leg elastic 
,members_7-l_in^an-almost-linear-pattem-outward-the-fixed-end-64-of the-respective~ 
standing gathers 6. Each of the elastic members 61 and 71 is parallel to the diaper 
length. 

As shown in Fig. 3, the diaper 1 according to the present embodiment has 
regions Rl having a lateral bending stifihess of 25 cN/SO nmi or lower in the region 
having the absorbent member 4 in the crotch portion C. More specifically, in the 
crotch portion C, the region where the absorbent member 4 is disposed (hereinafter 
referred to as a region R) contains regions Rl indicated by slant lines in Fig. 3 which 
are less stiff (softer) than the other region R2 in the region R. The region Rl will 



hereinafter be called a low stiffness region Rl. The low stiffness regions Rl have a 
lateral (in the diaper width direction) bending stiffness of 25 cN/50 mm or lower. The 
term "region" as in "the region having the absorbent member 4 in the crotch portion C 
(region R)" or as in "the low stiffness region" as used herein means a three-dimensional 
part that contains the absorbent member 4 in its thickness (between the upper and lower 
surfaces of the diaper) when stretched flat and seen from above as in Fig. 1. 

In the embodiment shown in Fig. 3, each of the low stiffness regions Rl is an 
oblong region provided along each longer side edge of the absorbent member 4 in the 
region K 

The region R in the crotch portion C is required to have sufficient width and 
space for collecting and retaining body waste within the crotch portion while worn and 
should have a minimum restoring force for maintaining such width and space. In 
addition, when an adult wearer puts on the disposable diaper by him or herself, it is 
desirable that the front portion be eaisily drawn up between the legs toward the front side 
and pulled upward in the front after the waistband portions are fastened together. All 
these taken into consideration, the lower limit of bending stiffiiess of the low stiffness 
regions Rl is preferably about 3 cN/50 nmi, more preferably about 5 cN/mm. For 
assuring ease of diapering without sacrificing the fit and safety against leakage, a 
preferred bending stiflSiess of the low stiffness region Rl is 3 to 25 cN/50 mm, 
particularly 5 to 20 cN/50 nmi. By this stiffness design, the front portion B can be 
fastened to a target position more easily, and the diaper can be put on in the right 
wearing.position without-causing-the.first fastened-waistband-portions to slide-down. - 

In the diaper 1 of the present embodiment, the region R also has a region R2 
having a width Wl 3 (see Fig, 3) of at least 50 nmi across the diaper and a lateral 
bending stiffness of higher than 25 cN/50 mm (hereinafter referred to as a high stiffoess 
region R2). From the standpoint of ease of diapering and shape retention in use, a 
preferred upper limit of the bending stiffness of the high stifi&iess region R2 is 
60 cN/50 nun, and a more preferred bending stiffiiess of the high stiffiiess region R2 is 
30 to 50 cN/50 nmi. 
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To improve ease for a wearer to put on the diaper in a standing posture or to 
place a diaper on a wearer in a standing position, the width Wll (see Fig. 3) of each low 
stififtiess region Rl preferably ranges 15 to 50% of the width W12 (see Fig .3) of the 
region R, and the total width of the low stiffiiess regions Rl preferably ranges 30 to 
100% of the width W12. The width W13 (see Fig. 3) of the high stiffness region R2 
between the pair of the low stiffness regions Rl is preferably 0 to 70% of the width 
W12. The width W12 is preferably 70 mm or larger in order to secure sufficient 
absorbency of the crotch portion. The region R width of 70 mm or larger is also 
helpful for a wearer to bring the front portion B to the wearer's front between his or her 
legs and pull it up to a target position after fastening the opposite waistband portions 
together on the stomach side. From the standpoint of ease of diapering and fit to the 
wearer's crotch, the width W12 is preferably 150 mm or smaller The smaller the 
width W13, the more preferred. The width W13 is preferably 0 to 80 nmi. 

The lateral (in the diaper width direction) bending stifi&iess of the low stiffness 
region Rl and the high stiffness region R2 is measured as follows. 

Measurement of bending stiffness: 

Standing gathers are removed from a diaper. A 50 mm wide and 80 mm long 
rectangular specimen containing all the constituent members including from the 
topsheet to the backsheet in its thickness direction is cut out of the region R. The 
width (50 nmi) and the length (80 nmi) of the specimen are in the length and the width 
directions of the-diaper, respeetivelyr Care-should be taken-so that the-speeimen may- 
have no crease or wrinkle that may influence the measurement. 

Measurement is carried out with a Tensilon tester, RTC-1150A supplied by 
Orientec, equipped with a 5-kg load cell (range: 200 cN) in accordance with JIS 
(Japanese Industrial Standards) K7171 (Plastics— Determination of flexural properties) 
(Rl=5.0±0.1 nmi, R2=±0.2 mm). The specimen is placed on two supports 50 nmi 
apart, with its length being parallel to the line connecting the two supports, and an 
indenter is positioned to just touch the mid-point of the specimen. The indenter is 
moved down at a speed of 30 nmfi/min to obtain a load-deformation curve. The 
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maximum of the bending stress is taken as a bending stiffiiess (cN/50 mm). The 
"50 mm" in the unit of the bending stiflftiess corresponds to the width of the specimen 
bent by the indenter. 

Where the region Rl or R2 to be measured is greater than 50 mm across the 
diaper, a specimen is cut out such that the whole width of the region is contained in the 
specimen length. Where the region Rl or R2 is equal to or shorter than 50 mm across 
the diaper, a specimen is cut out so as to contain the whole width of the region in the 
specimen length and is placed over the supports with at least part of that region 
positioned between the support. For instance, in measuring the bending stifi&iess of a 
low stiffness region Rl arranged on each side of the region R, where the width of the 
low stifi&iess region Rl is 50 mm or smaller, a specimen is cut out such that the low 
stiffness region Rl is present in one longitudinal end portion of the specimen and placed 
on the supports such that one end of the low stiffness region Rl is put on one of the 
supports and the other end between the supports. In this case, the mid-point of the 
specimen, at which the indenter presses, may be outside of the low stiffness region Rl. 
Nevertheless the measured maximum load is regarded as the bending stiffness 
(cN/50 mm) of the low stiffness region Rl because the maximum load is predominantly 
governed by the stiffness of the low stiffness region Rl , 

Where a specimen containing a region whose width exceeds 50 mm in the 
diaper width direction shows a maximum load exceeding 25 cN/50 mm as measured in 
the same manner as described above, the region R has a high stiffness region R2 having 
a_width_13_(see„Eig._3_)_of_5.0_nim_or_larger_and-a lateral-bending-stiffhess excee^ — 
25cN/50mm. 

The low stiffness region Rl in the present embodiment is formed by varying 
the constitution of part of the absorbent member 4 within the region R from the 
constitution of the other part in the region R, more specifically, by reducing the basis 
weight of part of the absorbent member 4 than that of the other part. 

Methods of reducing the basis weight of part of an absorbent member than that 
of the other part include the following. (1) An absorbent member is fabricated of an 



9 



upper absorbent layer and a lower absorbent layer, and part of the absorbent member is 
formed solely of either the upper or the lower absorbent layer to provide a low stiffness 
region. (2) An absorbent member is fabricated of fibers air-laid by suction on a net, 
and the amount of the fibers to be air-laid is made smaller in part than in the other part. 
(3) An absorbent member is fabricated of three or more absorbent layers, and part of the 
absorbent member has a smaller number of absorbent layers by at least one layer than 
the other part. (4) An absorbent member is fabricated of two or more absorbent layers, 
and part of the absorbent member lacks one or more constituents. Preferred of them is 
the method (1) because the upper and the lower absorbent layers can be prepared 
separately, which makes it relatively easy to control the absorbing performance and the 
basis weight as designed. 

The standing gathers 6 are formed by fixing a low modulus material at a high 
extension ratio. The term '^fixing extension ratio" as used herein means an extension 
ratio at which a standing gathers-forming sheet having an elastic member is fixed to the 
main body of a diaper. In the present embodiment, the standing gathers 6 are fixed in a 
stretched state at a fixing extension ratio of 100% or higher, preferably 100 to 300%, 
more preferably 130 to 200%. 

If the fixing extension ratio of the standing gathers is less than 100%, the 
resultant gathers do not rise up sufBciently in a fitted diaper. It follows that the 
standing gathers 6 may fall or bend when the fi-ee end of the standing gathers 6 is held 
to the wearer's crotch particularly in diapering a standing wearer, making correct 
diapering-difficult. -Besides, when-a-wearer changes his or her-body position, there 
may be formed a gap between the fi-ee end of the gathers and the skin, through which 
body waste can leak. 

If the fixing extension ratio is more than 300%, the disposable diaper can curl 
up excessively and be difficult to put on a wearer particular when the wearer is lying on 
its back. When changing after being soiled, the diaper would be difiScult to handle due 
to its strong tendency to curl up. When such a curling diaper is put on a standing 
wearer, the curling makes fastening difficult. 
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The extension ratio of the standing gathers in fixing is measured as follows. 

Measurement of fixing extension ratio: 

A strip of the gathered sheet 62 having an elastic member (a portion between 
the fixed end and the free end) is cut off along the diaper length direction so that the 
strip (specimen) may contain at least the lengthwise middle of the gathers. The 
specimen is stretched to the maximum, i.e., to the stretched state as shown in Fig. 1. A 
distance between arbitrarily chosen two points, preferably about 200 mm apart, of the 
stretched specimen is taken as a stretched length H. The specimen is then put into the 
natural state, i.e., let to contract spontaneously, and a distance between the two points 
(natural length h) is measured. The fixing extension ratio is represented by the 
equation: 

Fixing extension ratio (%) = [(H-h)/h] x 100 

The natural length h is measured by placing the gathered strip on a flat surface 
while minimizing the unevenness due to gathering with minimal load applied thereto. 

The tensile characteristics of the standing gathers 6 (either one of the pair) are 
such that the tensile load required to extend the standing gathers 6 in its non-fixed state 
(the state not fixed to the diaper, that is, the state after being cut off the diaper) to an 
effective extension ratio is 20 to 120 cN, preferably 50 to 100 cN, and that the increase 
rate of tensile load required for extending in the non-fixed state from an extension ratio 
- of 20% up-to-the effective extension ratio-is 1.0 cN/% or-lower, preferably-Or? cN/%-or — 
lower. The effective extension ratio is defined to be an extension ratio 30% lower than 
the fixing extension ratio. 

The re£L5on why the tensile characteristics of the standing gathers are evaluated 
at the effective extension ratio, (fixing extension ratio-30%), is that the extension (%) 
vs. load curve often contains the tensile load component attributed to the constituent 
members of the standing gathers in the region above the effective extension ratio. The 
part of the curve above the effective extension ratio is likely to represent a tensile stress 
in excess of the physical properties of the gathers per se, that is, false data. In 
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addition, a fitted diaper with standing gathers is curved into a U-shape when put on, and 
the fi-ee end of the standing gathers disposed on the inner side of the diaper depicts a U- 
shape having a smaller curvature radius than the outer surface of the U-shaped diaper 
Since the standing gathers are rarely stretched to the fixing extension ratio in actual use, 
it can be seen as reasonable to discuss the behavior of the standing gathers at a given 
extension ratio lower than the fixing extension ratio in evaluating the behavior in actual 
use. 

The tensile characteristics (tensile load at the effective extension ratio and- 
tensile load increase rate) of the standing gathers in a non-fixed state are measured as 
follows. 

Measurement of tensile characteristics: 

A strip of the gathered sheet 62 having an elastic member (a portion between 
the fixed end and the fi-ee end) is cut off its fixed end 64 such that the strip contains the 
lengthwise middle of the standing gathers 6 to prepare a specimen. The specimen 
should have a natural length of at least 70 mm as measured on a flat surface while 
minimizing the unevenness due to gathering with minimal load applied thereto It is 
desirable to use the specimen used in the measurement of the fixing extension ratio. 
The specimen is clamped in the jaws of a Tensilon tensile tester, RTC-1150A suppHed 
by Orientec, equipped with a 5 kg-load cell. The jaws are set at an initial distance of 
50 mm, which is an initial natural length of the specimen at 0% extension. The 
speci men is extended up to the fixing extension ratio at a rate of 300 mm/min, and the 
extension ratios vs. increasing tensile load are plotted to obtain a curve^ithTThe 
extension ratio (%) as abscissa and the tensile load (cN) as ordinate (see Fig. 7). 

The tensile loads at an extension ratio of 20% and an effective extension ratio 
are read fi-om the curve. The slope of the curve from the extension ratio of 20% to the 
effective extension ratio, represented by (tensile load at effective extension ratio - 
tensile load at 20% extension ratio)/(effective extension ratio (%) - 20%), is calculated 
to obtain a tensile load increase rate (cN/%) of fi'om 20% extension ratio to effective 
extension ratio. 
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If the tensile load at the eflfective extension ratio is less than 20 cN, the gathers 
do not rise up sufficiently in a fitted diaper. It follows that the standing gathers may 
fall or bend when the free end of the standing gathers is held to the wearer's crotch 
particularly when placing a diaper in a standing position, making correct diapering 
difficult. Besides, when a wearer changes his or her body position, a gap may be 
formed between the free end of the gathers and the skin, through which body waste can 
leak. Even when the free end of the pair of standing gathers is in close contact with 
the wearer's body, the squeezing force of the standing gathers is so weak that the force 
of confining discharged body waste in the space between the pair of standing gathers 
would be insufficient. It is likely to follow that the body waste leaks over the free end 
of the standing gathers. Therefore, the standing gathers with such a low tensile load 
may not be eflfective against leakage. 

If the tensile load at the effective extension ratio is more than 120 cN, a laige 
force is necessary to force open wide the U-shaped diaper and impairs the ease of 
placing a diaper on a wearer lying on his or her back. When changing after being 
soiled, the diaper is difficult to handle due to its strong tendency to curl up. 
Furthermore, in placing a diaper on a wearer in a standing position, the diaper may roll 
up before the waistband portions 10 are fastened together, making diapering difficult. 

These problems occur when the elastic member is fixed at a high extension 
ratio as with the case of embodiments of the present invention. In other words, the 
inconvenience arises from the phenomenon that the standing gathers stretched while 
diapering exhibit "cdrifractiBility to~be Telieved from" the-tensile stress and -make the — 
whole diaper roll-up or curl-up. Against the problems, the present invention has 
succeeded in assuring ease of diapering by reducing the tensile load to some extent 
thereby to suppress the behavior to contract, retard the contraction, or reduce the force 
necessary to open the contracted gathers wide. With the fixing extension ratio being 
equal, the tensile stress is a governing factor. The smaller the tensile stress, the more 
extensible the standing gathers and the easier to handle the diaper. Unless the tensile 
load at the eflfective extension ratio exceeds 120 cN, the manageability of the diaper is 
not impaired, and a wearer or a person handling the diaper is able to open the diaper 
wide with ease. 
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The tensile load increase rate is desirably as small as possible. With a smaller 
increase rate, the force of the standing gathers to come into intimate contact with the 
skin and to block body waste will be less changeable depending on the wearer's 
position or the way of diapering. Further, the diaper will be easier to handle, giving a 
wearer or a person handling the diaper no feeling of abrupt change in force necessary to 
open the diaper wide nor a heavy feeling in opening the diaper wide. As a result, the 
diaper will have improved ease in putting on whether a wearer is in a lying position or a 
standing position. 

Accordingly, it is desirable that the tensile load increase rate, calculated as an 
increase in tensile load per unit increase in eTctension ratio, be 1.0 cN/% or lower at 
every point between 0% extension ratio up to an effective extension ratio. The tensile 
load increase rate may exceed 1.0 cN/% in some regions between 0% extension ratio up 
to an effective extension ratio. A diaper showing such a tensile load increase rate as 
exceeding 1.0 cN/% is not deemed to be a departure from the scope of the present 
invention as long as such a high increase rate is observed in the region of from 0% 
extension ratio to 20% extension ratio. Nevertheless, the upper limit of the tensile load 
increase rate in the region from 0 to 20% extension ratio is preferably 2.0 cN/%. 

The above is the reason the tensile load increase rate in the region from 20% 
extension to an effective extension ratio is specified in the present invention. 

For application to infants, the smallest width of the diaper 1 in the crotch 
portion is preferably 100 to 240ixmi. As long as the smSlest ^dth is lOOmnTof 
greater, sufficient width and space for collecting and retaining body waste are secured in 
the crotch portion. When the smallest width is less than 240 mm, the front portion B 
can easily be brought to the wearer's front and pulled up to be fastened after the 
waistband portions are fastened together when the diaper is placed on a wearer in a 
standing position, particularly by the wearer himself or herself. For ease of placing a 
diaper on a wearer in a standing position, the smallest width of the crotch portion C is 
more preferably 100 to 230 nmi, even more preferably 100 to 210 nun, even more 
preferably 120 to 200 mm. 



14 



For application to adults, on the other hand, the smallest width of the crotch 
portion is preferably from 150 to 300 nrni for the same reasons as described above. 
Taking into consideration the possibility of using a booster pad in combination, the 
smallest width is more preferably 180 to 280 mm, even more preferably 200 to 270 mm. 

In the present embodiment, the ratio of the distance Wl between the opposite 
fixed ends of the paired standing gathers to the distance W2 between the opposite 
elastic members that are arranged most outward in the paired leg gathers, W1AV2, both 
measured at the smallest width of the crotch portion (see Fig. 2) is 0.67 to 0.81, 
preferably 0.67 to 0.75. With the smallest width of the diaper 1 in the crotch portion C 
falling in the range recited for the second aspect of the invention (i.e., 100 to 240 mm), 
where the ratio W1AV2 is smaller than 0.67, the space between the standing gathers 
tends to be too small to exhibit the necessary absorbency. With the smallest width of 
the diaper 1 in the crotch portion C falling in the range recited for the second aspect of 
the invention (i.e., 100 to 240 mm), where the ratio is greater than 0.81, there would be 
no pocket left between the standing gathers and the respective leg gathers, which can 
cause discharged body waste to flood over and leak. 

It is preferred for the disposable diaper 1 to have the Wl AV2 ratio in the range 
of 0.67 to 0.81 in an area extending over at least 50 mm in the diaper length direction, 
particularly in an area extending from the smallest width towards opposite sides by at 
least 25 mm. The portion having the smallest width is disposed in almost the middle 
of the diaper length. When the crotch portion has the same width over a prescribed 
' length-in the longitudinal direction-of the diaper^ and that-width -is-the~smallest-in- the — 
width of the crotch portion, the portion which is either in the longitudinal center of the 
diaper or the nearest to the center preferably is to be the portion having the smallest 
width. 

In the disposable diaper 1, the distance W3 (see Fig. 2) between the fixed end 
of the standing gathers on each side of the diaper and the elastic member that is 
arranged most outwardly in the leg gathers on the same side of the diaper is smaller than 
the width W4 (see Fig. 2) of the standing gathers on each side in at least the area having 
the smallest width of the crotch portion. The width W4 of the standing gathers is the 
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distance from the fixed end 64 to the free end 63, measured on the plane of the sheet 62. 

The width W3 being smaller than the width W4, the diaper 1 easily achieves 
both the ease of diapering a wearer in a standing position and the absorbing 
performance. To ensure these properties, a preferred ratio of the width W3 to the 
width W4, W3AV4, is 0.45 to 0.83. 

It is desirable that the relationship between widths W3 and W4 (W3<W4) be 
satisfied over an area extending at least SO mm in the diaper length direction, 
particularly over an area extending from the smallest width towards opposite sides by at 
least 25 mm. 

The way of putting the disposable diaper 1 on a wearer is illustrated in Figs. 4 
and 5. As shown in Fig. 4, the rear portion A is applied to the back of a wearer 30, and 
the opposite waistband portions 10a and 10b are brought around to the front. The 
waistband portion 10a, which has the band fastening member 11 near the free end, is 
overlapped on the waistband portion 10b, and the band fastening member 11 of the 
waistband portion 10a is engaged onto the backsheet side of the waistband portion 10b. 
The front portion B is then drawn up along the crotch to the front. The front portion 
fastening members 20 of the front portion B are engaged onto the opposite waistband 
portions 10a and 10b elastically stretchable parts 14 as shown in Fig. 5. The diaper 1 
can also be put on a wearer by first applying the rear portion A to the stomach side of 
the wearer 30 and fastening the waistband portions 10 on the wearer's back. In this 
way, the disposable diaper i of the present Mntbodiinehrcanneiasilybe^^ awearer. 

The disposable diaper of the above-described embodiments produces for 
example, the following effects (1) to (3). 

Effect (1): 

The disposable diaper 1 has the low stiffness regions Rl arranged in the region 
R (the region in the crotch portion C where the absorbent member is disposed) and the 
low modulus standing gathers 6 set at a high fixing extension ratio. This design 
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renders the diaper 1 extremely easy to put on a wearer in a standing position as well as a 
lying position. 

A conventional fitted disposable diaper is relatively easy to put on a wearer 
lying on his or her back because one can open the wearer's leg wide. When a wearer 
is standing, on the other hand, it is difficult to make the wearer open his or her legs 
wide. The space under the crotch of the standing wearer is of necessity narrow. 
Therefore, a one must draw a disposable diaper, which is made up of so many members, 
through the narrow space between the legs. Probably because of this, the wearing 
position of a disposable diaper that has been put on a wearer in a standing position is 
mostly below the intended position due to sliding down of the diaper during fastening. 
In other words, the front waist size of a fastened diaper having been put on a wearer in a 
standing position is larger than the true front waist size of the wearer. Additionally, the 
shape of the stomach of a wearer changes between a lying position and a standing 
position. That is, the front waist size of a wearer is larger in a standing position than in 
a lying position. The change in diaper's front waist size due to the diaper sliding down 
as well as the change in the wearer's front waist size due to the change in shape of the 
wearer's body makes placing a diaper on a standing wearer more difficult. 

To solve this problem, it might be considered eflFective to reduce the lateral 
stiffiiess of a disposable diaper. However, a diaper so designed may bunch up badly in 
its crotch portion and may become leaky. Therefore, such an approach seems to be 
impractical. 

According to the present embodiment, the high extension and low modulus 
standing gathers stand upright satisfactorily to maintain sufficient space for preventing 
leakage even when the crotch portion somewhat bunches up. The disposable diaper 1 
thus satisfies the demanding performance requirement of leakproofiiess and ease of 
diapering. Thus, the disposable diaper 1 not only retains satisfactory leakproofiiess but 
provides improved ease in placing a diaper on a wearer in a standing position. When 
placing a diaper on a wearer in a standing position, one placing the diaper or the wearer 
himself can easily draw up the front portion through the narrow space between the legs 
and fasten the front portion at a targeted position in the same way as in placing a diaper 
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on a wearer in a lying position. 

The standing gathers of the present invention can be formed by, for example, 
by adhering at least one elastic member to a gather-forming nonwoven fabric sheet. 
The elastic member or members have a tensile load increase rate of 1.0 cN/% or less 
from 20% extension ratio to an eflfective extension ratio and a tensile load of 20 to 
120 cN at the eflfective extension ratio as a whole. The term "as a whole" as used 
herein means "as a total of two or more elastic members". The elastic members for 
standing gathers include elastic threads (e.g., rubber threads, preferably those having a 
thickness of 450 dtex or smaller), elastic strips (e.g., rubber strips, preferably those 
having a thickness to width ratio of 0. 1 to 1), and elastic films. Materials of the elastic 
members include natural rubber, synthetic rubbers (e.g., styrene-butadiene, butadiene, 
isoprene or neoprene rubbers), ethylene-vinyl acetate copolymers, extensible 
polyolefins, and urethane. In using a plurality of elastic members, it is preferred for 
each of them to have a tensile load increase rate of 0.5 cN/% or lower from 20% 
extension ratio to the respective eflTective extension ratio and a tensile load of 5 to 50 cN 
at the eflTective extension ratio. 

Eflfect(2): 

Even when the front portion B is detached from the waistband portions and let 
free from the hand, the front portion B does not droop loosely and maintains the bowl- 
like shape of the portion having faced the wearer's discharge point because of the low 
stiffness regions Rl in the region R and the low modulus standing gathers 6 fixed at a 
high extension ratio. This prevents such disadvantages that solid waste may be 
dropped during diaper change and that part of the diaper may be brought into contact 
with water or waste in a toilet bowl during excretion. 

Eflfect(3): 

The reduced smallest width of the crotch portion, the specific W1/W2 ratio, the 
relation between W3 and W4 (W3<W4), and the low modulus standing gathers 6 fixed 
at a high extension ratio make the disposable diaper easy to put on a wearer in a 
standing position. That is, the disposable diaper can smoothly be put through the 
narrow space between the legs, and the leg gathers give a snug fit to the wearer's crotch. 
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The low modulus standing gathers fixed at a high extension ratio exhibit excellent 
standing capabilities to retain the space between the opposite standing gathers. The 
opposite standing gathers successfully confine discharged body waist therebetween, 
hardly allowing the waste to flow over Thus, the disposable diaper exhibits excellent 
absorbing performance and secures safely against leakage. 

The disposable diaper according to the second aspect of the present invention is 
characterized by being leak-proof fi-om the crotch portion notAvithstanding the smaller 
width of the crotch portion than in conventional disposable diapers. In general, diaper 
manufacturers may not think of narrowing the crotch portion, where body waist is to be 
received. In practice, the crotch portion is slightly narrowed only to such an extent as 
to form an hourglass shapie with which to provide a snug fit. The present inventors 
have found that, in contrast, high leak-proof performance can be secured even with a 
reduced width of the crotch portion by specifying the W1AV2 ratio, making W3 smaller 
than W4, and providing the low modulus standing gathers 6 at a high extension ratio. 
The second aspect of the present invention has thus been established. 

Materials of the members making up the disposable diaper 1 according to the 
above-described embodiment will then be described. 

The materials for forming the topsheet 2, the backsheet 3, the standing gather- 
forming sheet 62, and the like are not limited and selected appropriately fi-om known 
materials commonly used in conventional disposable diapers. 



The absorbent member 4 includes one made of a fiber aggregate and one 
containing a fiber aggregate and a superabsorbent polymer The fiber aggregate 
includes nonwoven fabrics or fiber webs prepared by various processes. In using a 
superabsorbent polymer in combination, the polymer may be dispersed in the interstices 
of a fiber aggregate or disposed in the form of a layer between nonwoven fabrics or 
fiber webs made of fibrous materials. The absorbent member made of a fiber 
aggregate or a combination of a fiber aggregate and a superabsorbent polymer is 
preferably wrapped in a soft sheet of paper or liquid-permeable nonwoven fabric. 
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The elastic members 61 for making standing gathers, the leg elastic members 
71, and waist elastic members 51 are known and conventional. Useful forms of these 
elastic members include threads (e.g., rubber threads), tapes or strips of some width 
(e.g., rubber strips), and films. Materials of the elastic members include natural 
rubber, synthetic rubbers (e.g., styrene-butadiene, butadiene, isoprene or neoprene 
rubbers), ethylene-vinyl acetate copolymers, extensible polyolefins, and urethane. 

The fitted disposable diaper of the present invention, including the first and 
second aspects, is not limited to the above-described embodiment, and various changes 
and modifications can be made therein without departing fi-om the spirit and scope of 
the invention. 

For example, the low stififoess regions Rl according to the first aspect of the 
invention, which are oppositely provided on both sides of the region R in the diaper 
length direction in the above-described embodiment, can be arranged as shown in Figs. 
6(a) to 6(d). Fig. 6(a) shows a configuration in which a low stiffness region Rl is 
continuously provided across the middle portion of the region R. Fig. 6(b) depicts a 
configuration in which a low stiffiiess region Rl is provided all over the region R except 
for discretely arranged high stiflftiess regions. Fig. 6(c) shows another stiffness 
configuration. Fig. 6(d) displays a configuration in which all the region R is a low 
stiffness region Rl . . 

The standing gathers 6 of disposable diapers according to the first and second 
aspects of the invention may have two or more elasticln^embCTS 6rpCT's^^^ ~THe leg' 
gathers can be formed by a single elastic member 71 per side. The leg elastic members 
71 may be arranged to depict a curve along each arched side edge of the crotch portion. 
The portions, parts, and the other members constituting the disposable diaper of the 
present invention are subject to variation in shape or configuration. 

The disposable diaper of the present invention is suited for adults, especially 
for an adult wearer to put on by himself or herself The disposable diaper of the 
invention is also fit for babies to toddlers as well. 
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The following examples further describe and demonstrate embodiments of the 
present invention. The examples are given solely for the purpose of illustration and 
are not to be construed as limitations of the present invention. 

EXAMPLES 1 TO 4, COMPARATIVE EXAMPLE 1 AND 
REFERENCE EXAMPLE 1 

Disposable diapers having the structure shown in Fig. 1 were produced. In 
Table 1 are shown the width W12 of the region R, the width W13 and bending stiffiiess 
of the high stiffiiess region R2, the width Wll and bending stiffiiess of each of the low 
stiffiiess regions Rl, the fixing extension ratio of the standing gathers, and the tensile 
characteristics (i.e., effective extension ratio (=fixing extension ratio-30%), tensile load 
at the effective extension ratio, and tensile load increase rate) of the standing gathers in 
their non-fixed state. 

The standing gathers on each side were formed of two elastic strips adhered to 
a nonwoven fabric sheet. The absorbent members used in Examples 1 and 2 and 
Reference Example 1 were fabricated by the aforementioned method (1) so as to have a 
stiff part in the widthwise middle and a soft part on each longer side thereof The 
absorbent members used in Examples 3 and 4 were soft all over, having no stiff part. 
The absorbent member used in Comparative Example 1 was stiff all over. 

Fig. 7as_a graph_showin g the rel ationshi p between extension ratio and tensile 

stress (load) in standing gathers in their non-fixed state. Curve 1 represents the diapers 
of Examples 1 to 4, and curve 2 the diapers of Comparative Examples 1 and 2. 

In Examples 1 to 4, the W1AV2 ratio was 0.67 to 0.81 over a length of 50 mm 
or longer in the diaper length direction, and the W3 was smaller than the W4 over a 
length of 50 mm or longer in the diaper length direction. The Wl, W2, W1AV2, W3, 
and W4 of the diaper obtained in Example 1 are shown in Table 3. 

Reference Example 1 is given only for helping the understanding of the effects 
of the Examples but not for representing a known technique. 
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Evaluation 

The disposable diapers were evaluated for ease of placing a diaper on a wearer 
in a standing position and leakproofhess in accordance with the following test methods. 
The results obtained are shown in Table 2. 

1) Ease of placing a diaper on a wearer in a standing position 

The disposable diaper was put on an infant model in a standing position by 
fastening the waistband portions on the stomach, drawing up the front portion between 
the legs to bring it to the front, and fastening the front portion to the waistband portions. 
The ease of placing the diaper was rated "good" or "not good" according to the 
following standard. 

Good: The step of bringing the front portion to the front and the step of pulling up the 
front portion to the position of the waistband portions and fastening the front portion 
thereto can be carried out easily. 

Not good: Either one or both of the steps of bringing the front portion to the front 

and the step of pulling up the front portion to the position of the waistband portions and 
fastening the front portion thereto cannot be carried out easily. 

2) Leakproofiiess in motion 

A simulated infant hip model was used for testing. The model is shaped like 
th^hips and buttocks of anmfant and is designed to perform a walking movement in its 
standing position and to discharge artificial urine through a tube from the crotch. The 
disposable diaper was put on the infant hip model with its front waist end level with the 
model's navel. The fomodel was operated to make a 5-minute walking movement at a 
pace of 150 steps per minute. After stopping the walking movement, 80 g of artificial 
urine was poured through the tube at a rate of 5 g/sec, and the model was again operated 
to make the same walking movement for an additional 5 minutes. The model was laid 
on its side, and 40 g of artificial urine was poured at a rate of 5 g/sec. At the point in 
time when the pouring was completed, whether any leak occurred was inspected with 
the naked eye. Where no leaks was observed, an additional 40 g portion of the 
artificial urine was poured. Pouring another 40 g portion of artificial urine was 
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repeated until a leak occurred. The total amount of the artificial urine poured till 
leakage was taken as a measure of leakproofhess in motion. 

TABLE 2 





Ease of Placing a 
Diaper 


Leakproofiiess 
in Motion (g) 


Example 1 


good 


160 


Example 2 


good 


160 


Example 3 


good 


160 


Example 4 


good 


160 


Comp. Example 1 


not good 


120 


Ref. Example 1 


not good 


120 



COMPARATIVE EXAMPLE 2 AND REFERENCE EXAMPLE 2 

A disposable diaper was produced in the same maimer as in Example 1, except 
for changing the dimensions as shown in Table 3 and using standing gathers having the 
tensile characteristics indicated by curve 2 of Fig. 7 (Comparative Example 2). A 
disposable diaper was produced in the same manner as in Example 1, except for 
changing the dimensions as shown in Table 3 (Reference Example 2). 

The disposable diapers of Example 1, Comparative Example 2, and Reference 
Example 2 were evaluated for its capability of holding soft stool according to the 
Jollov^ng^testjnethod. The results obtained are shown in Table 3. 

3) Shape retention for holding loose stool (capability of blocking spread of loose stool) 

A simulated infant model was used for testing. The model is shaped like the 
hips and buttocks of an infant and is designed to change its position from standing to 
sitting and vice versa, to perform a walking movement in its standing position, to open 
and close its legs in its sitting position, and to discharge artificial urine and artificial 
stool through tubes from the crotch. The disposable diaper was put on the infant 
model with its front waist end level with the model's navel. The model was operated 
to make a 5-minute walking movement in its standing position at a pace of 150 steps per 
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minute. After stopping the walking movement, 80 g of artificial urine was poured 
through one of the tubes at a rate of 5 g/sec, and the model was again operated to make 
the same walking movement for an additional 5 minutes. The model was then made to 
sit on its buttocks with its legs open, and 160 g of artificial stool was introduced at a rate 
of 10 g/sec. The model was again operated to repeat the cycle of 5-minute walking in 
a standing position followed by sitting and opening the legs. The disposable diaper 
was removed to observe the spread of the artificial stool. Where the artificial stool had 
spread over the standing gathers, the diaper was rated "not good". Where it had not, 
the diaper was rated "good". 



TABLE 3 





Wl 
(mm) 


W2 
(mm) 


W1/W2 


W3 
(tmn) 


W4 

(mm) 


Shape 
Retention 


Example 1 


145 


205 


0.71 


30 


36.5 


good 


Comp. Example 2 


100 


120 


0.83 


10 


36.5 


not good 


Ref. Example 2 


150 


228 


0.66 


39 


43.5 


not good 



The disposable diaper according to embodiments of the present invention, 
including the first and second aspects, is a flat type with oppositely provided waistband 
portions that are adapted to be fastened together on the stomach side or the back side of 
a wearer. The disposable diaper of the present invention is easy to put on whether a 
wearer is in a lying position or a standing position and exhibits excellent absorbing 
performance and high leakproofhess. 

The invention being thus descnbed,~irwiirbe obvious^ be^ 
varied in many ways. Such variations are not to be regarded as a departure fi-om the 
spirit and scope of the invention, and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 
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